Salt-related structures are common in deep water Gulf of Mexico (GOM) exploration. Salt bodies are one of the major obstacles for subsurface imaging because seismic wavefields are strongly folded and distorted when propagating though them. The availability of wide azimuth (WAZ) data and reverse time migration (RTM) boost our ability to image subsalt structures. RTM 3D angle gathers yield rich imaging information in the domain of subsurface azimuth and reflection angles. This information helps us to study illumination and remove residual noise in the data, thereby boosting our potential to achieve optimal images.
Introduction
Despite the progress in imaging technology, subsalt imaging remains a challenge, especially in areas directly beneath complex salt bodies where steeply-dipping events truncate against salt, e.g., three-way closures. In these areas, even with wide azimuth or full azimuth (FAZ) acquisition, some subsalt reflectors are illuminated by only small ranges of subsurface azimuth or reflection angles. Besides poor illumination, coherent noise, such as modeconverted waves and residual multiples, create migration artifacts, like migration swings. These artifacts make subsalt imaging more difficult because the noise easily dominates the signal in poorly-illuminated areas.
Various efforts have been made to compensate for poor illumination, suppress migration noise and improve image quality. In many cases, signal and noise in the migrated section can be clearly separated in different input shots or offsets. The input data selections, such as shot selection, can be applied to attenuate the noise and improve the signal-to-noise ratio (SNR) of the image. In this approach, based on the focused energy illumination analysis associated with given subsurface target reflectors, only shots that contribute significantly are chosen to migrate . Therefore, the image quality is improved by excluding the contamination from the shot records with poor SNR. Instead of input selection, introduced a scheme to divide RTM output by the vector offset groups corresponding to the shot location. A weighted stack of the different vector offset contributions is obtained to achieve a better image based on certain prior knowledge of the subsalt structure.
In theory, a better solution to the illumination problem is the least square migration (LSM) . For LSM, the optimized image is defined by minimizing the mismatch between the demigrated data and the data recorded in the field. Solving for LSM is an iterative process. In each iteration, a good guess of the solution can be obtained by inverting the Hessian matrix of the migration operator, which contains the illumination information caused by imperfect acquisition. A full LSM is computationally intensive because many iterations are required to converge. Each iteration includes at least one migration and one demigration for a full 3D dataset. Alternative simplifications were proposed to reduce the computational cost. For example, migration deconvolution is considered an approximation of the first iteration solution of LSM . To reduce the computational cost, it computes the Hessian matrix on a discretized grid or predefined horizons. Given a reflector model a priori, migration deconvolution can be further approximated by a weighted stack scheme based on demigration and remigration of angle gathers (Gherasim et al., 2010) .
In this paper, we present an illumination-based weighting scheme very similar to the method of Gherasim et al. (2010) to improve the RTM image in areas of poor illumination. The primary differences between our new method and that of Gherasim et al. is the use of RTM imaging throughout the workflow as well as the use of full 3D azimuth-sectored angle gathers instead of full 3D angle gathers generated from a full 2D-plane subsurface offset imaging condition. Taking advantage of RTM 3D angle gathers, we measure illumination effects in the azimuth/reflection angle domain using a wave equation modelled synthetic data. Then we apply the derived weights to the real data ADCIGs. By doing this, we optimize the stacked image to reduce the residual noises and migration artifacts. We demonstrate the effectiveness of this method with a 2D synthetic dataset and a WAZ field dataset in Walker Ridge, in the Gulf of Mexico.
RTM 3D Angle Gathers
Given a reflectivity and velocity model, one can use modeling and migration to measure the illumination effect in angle domain. The scheme proposed by Gherasim et al. (2010) uses 3D ADCIGs based on a full 2D subsurface offset imaging condition, which captures information in all Improve subsalt imaging with illumination-based weighting of RTM 3D angle gathers azimuths for WAZ data . Such gathers, although capturing information at all azimuths, can be costly to compute, particularly in an RTM scheme. Here we use instead a 3D RTM ADCIG based on local wavefield decomposition prior to application of the imaging condition, which yields azimuthally-sectored angle gathers. They are indexed by the azimuth angle and reflection angle at each subsurface image point for general anisotropic media. RTM 3D ADCIGs contain rich information of illumination, provide ideal input for tomography update, and can be used for Amplitude Variation with Azimuth (AVAZ) analysis. In this abstract, we use them to evaluate the illumination effects and to suppress migration artifacts.
Illumination-based Weighting
The work flow of illumination-based optimal stacking with RTM 3D angle gathers that we use here is closely related to the workflow described in Gherasim et al. (2010) , and can be described by the following: 
2D Synthetic Example
This scheme is first applied to the 2D Sigsbee2B (courtesy of SMAART JV) synthetic dataset with free surface multiples. The data is mildly processed to remove the free surface multiples, hence a significant amount of residual multiple energy remains.
In the 2D case, only the dipping angle is of interest. Therefore, we ignore the azimuth angle. Several reflectors are interpreted in the stacked RTM image to roughly imitate the dips of the primary events as shown in Figure 1 . These reflectors are then used for wave equation forward modeling, followed by an RTM to output angle domain CIGs. The amplitude at the reflector is extracted on the horizon to obtain the illumination compensation scalar volume for each angle. At the locations where the coherent noise and the signal energy can be differentiated in the angle gather domain, the illumination scalars tend to scale down noise contribution and scale up primary contribution (Figure 2b vs. 2d) to yield an enhanced stacked image and gather. However, in the area where signal and noise exist in the same angle range, we do not observe significant uplift from the weighted stacked image.
Wide Azimuth Data Study
Because the 2D synthetic test is encouraging, we apply the workflow on WAZ field data. The study area is about 500 sq km in Walker Ridge, Gulf of Mexico. The WAZ data has 2 tiles, with maximum crossline offset of 2500m. Figure 3 shows the raw stacked image of RTM 3D angle gathers. In the subsalt area underneath the three-way closure, the subsalt structures are poorly illuminated. On the 3D ADCIGs, only a small range of reflection angles from each azimuth provide reliable imaging of the desired primary reflections (Figure 4d ). It is also noticeable that SNR decreases with the increase of azimuth due to the short offset in the crossline direction. Coherent noise like converted waves, residual multiples and migration swings in certain reflection angles (mostly on the very near and far angles) contaminate the image after stack (Figure 4a ).
Compared to the RTM 3D gathers from the field data, the gathers from forward modeling present illumination information based on the interpreted target horizons. The illumination-based weighting enhances the signal and attenuates the noise as long as there is a separation of signal and noise in the angle domain (Figure 4c, 4d) . Figure 4e demonstrates that the noises in near and far angles are greatly attenuated after the illumination compensation, thus cleaner stacked image in the subsalt area is produced (Figure 4b ).
Conclusions
In this paper, we present an optimal stacking work flow based on RTM 3D angle gathers. Synthetic shot records are generated by a wave equation modeling for the interpreted reflectors. We then migrate the synthetic data to produce 3D ADCIGs and evaluate the illumination effects on different azimuth and reflection angles. The illumination-based weighting function created from the modeled angle gathers is applied to the 3D angle gathers of the field data to enhance signal and suppress noise. As a result, the subsalt image in poorly illuminated areas can be improved. 
